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Purification of Gram Quantities of C60. A New Inexpensive and Facile
Method

Walter A. Scrivens, Peter V. Bedworth, and James M. Tour*

Department of Chemistry and Biochemistry

University of South Carolina

Columbia, South Carolina 29208

Abstract

Described is an inexpensive and facile method for the purification of up to

gram quantities of C60. The procedure involves the application of a saturated toluene

solution of crude fullerenes to a column containing Norit®-A (alkaline decolorizing

carbon or activated charcoal) and silica gel (1:2 by weight). Within 37 ain, the C60

(purple band) begins to elute from the column and the elution of C60 is nearly

complete within 1.2 h to afford 63% yield (of a possible 75% of C60 in extractable

fullerenes) with >98% purity.
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Buckminsterfullerene (C60), the newly discovered spherical allotrope of

carbon, has precipitated a flurry of recent research endeavors.1  A severe limitation

to this research is the difficulty in producing gram quantities of C60 free of the

higher molecular weight fullerenes. We describe here a simple and low cost method

that uses common laboratory glassware and reagents for the purification of even

gram quantities of C60 in less than 1.5 h.

Crude fullerene extracts from carbon arc soot contain 70-85% C60 and 10-15%

C 7 0 with the remainder being higher fullerenes. 1 The most common method for

purifying crude C60 is by column chromatography on activity grade I neutral

alumina. 2 Our experience with this method has shown that to purify 1.9 g of crude

fullerenes requires 9.5 kg of alumina, 46 L of solvent, and the procedure takes 16-20

h. About 50% of C60 of a possible 75% C6 0 present in the crude can be recovered

since activity grade I alumina irreversibly adsorbs some of the C60. 2 Alumina

columns within modified Soxhlet extractors can be used to significantly simplify this

method but recovery yields are generally i.i the range of 33% to 43% out of a possible

75% of C60 present. 3 Powdered graphite has been used as the stationary phase for

chromatographic purification of C60 but the recovery of C6 0 is only 32% of a possible

75%.4 HPLC has been used for C6 0 purification but it is primarily useful only for

small scale separations. 5 ,6

A typical gram-quantity C60 purification procedure using our newly

developed method is as follows. A slurry of alkaline decolorizing carbon Norit® -A 7

(36 g) and silica gel8 (72 g) in toluene9 (200 mL) was poured into a typical glass flash

chromatography column (38 mm diameter and 40 cm long) that had a cotton plug at

the bottom of the column. 1 0 The slurry was allowed to settle as the solvent above the

stationary phase was allowed to drain under a 7.5 psi N2 head pressure applied at the

top of the column. 1 1 The stationary phase must not be allowed to besome solvent free

or else cracking of the stationary phase can occur. A saturated toluene (400 mL)
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solution of crude fullerenes (1.85 g) extracted from carbon arc soot 12 was slowly

poured onto the top of the Norit®-A/silica gel stationary phase. A 7.5 psi N2 head

pressure was applied thus providing a -16 mL/min elution rate. 13  The deep purple-

colored solution containing C60 started to elute from the column after 37 min. After

36 min more, the eluant was nearly colorless and collection of a second faction was

then begun. The total volume of toluene needed for obtaining the C6 0 fraction (first

fraction) was -600 mL. After 3 min more, a red-brown band characteristic of C7 0

started to elute. Removal of the solvent from the purple fraction afforded 1.16 g of

C60 (63% of a possible 75% of C60 in extractable fullerenes). 13 C NMR (125 MHz, C6 H6 )

analysis of the C60 showed only one peak at 8 143.29 ppm with no other peaks in the

spectrum while the signal to noise ratio was 68 : 1.14 Likewise, mass spectrometric

(MS) analysis showed a peak at 720 amu with no detectable peaks for higher

molecular weight fullerenes. 15  HPLC on silica gel showed only C6 0 in the first

fraction with no detection of other fullerenes. 16  While the second band eluted from

the column was red-brown, it did contain some C6 0 . One more smaller

chromatographic run on the initial red-brown portion afforded 74 mg more of C60

and 120 mg of a sample that was 1 : 5 in C60 : C7 0 as judged by peak height comparison

of the MS signals 15 and 1 : 10 in C60 : C70 as judged by HPLC analysis. 16 , 17

Although we illustrated this procedure with 1.85 g of extractable fullerenes, it

worked equally well on a smaller scales using the proportionately smaller stationary

phases and solvent volumes. Norit®-A alone as the stationary phase without silica gel

as a co-phase worked excellently for C60 separations on smaller scales (i.e., 100 mg of

crude fullerenes with 2.0 g of Norit®-A); however, the silica gel prevents cracking of

the stationary phase in the larger columns and allows for higher flow rates. We also

verified the reproducibility of the C60 separations by using Norit®-A from a different

distributor (Matheson Coleman & Bell) and the results were nearly identical. Norit® -

A/Celite®-521 a" a stationary phase is iiferior to the Norit®-A/;ifica gel because with
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the former, packing is more difficult and cracking of the stationary phase occurs

easily. Molecular sieves (13X) were used as a stationary phase and proved to be

inadequate for C60 purifications.

Acknowledgements. This research' was funded by the Department of the Navy,

Office of the Chief of Naval Research, Young Investigator Award Program (1989-92),

the National Science Foundation (RII-8922165, DMR-9158315), and generous

industrial contributors to the NSF Presidential Young Investigator Award (1991-96)

for JMT: Hercules Incorporated, IBM Corporation, Ethyl Corporation, and the Shell

Development Company. WAS thanks NASA and the American Vacuum Society for

scholarships. We thank Dr. Nick Griffith of the Aluminum Company of America for

providing us with alumina for the comparison studies.

References and Notes

(1) (a) Kroto, H. W.; Heath, J. R.; O'Brien, S. C.; Curl, R. F.; Smalley, R. E. Nature

1985,318, 162. (b) Krltschmer, W.;* Lamb, L. D.; Fostiropoulos, K.; Huffman, D. R.

Nature 1990, 347, 354. (c) Taylor, R.; Hare, J. P.; Abdul-Sada, A. K.; Kroto, H. WJ. Chem.

Soc., Chem. Comm. 1990, 20, 1423. (d) Ajie, H.; Alvarez, M. M.; Anz, S. J.; Beck, R. D.;

Diederich, F.; Fostiropoulos, K.; Huffman, D. R.; Kratschmer, W.; Rubin, Y.; Schriver, K.

E.; Sensharma, D.; Whetten, R. L. J. Phys. Chem 1990, 94, 8630. (e) Diederich, F.;

Whetten, R. L.; Thilgen, C.; Etti, R.; Chao, I.; Alvarez, M. M. Science, 1991, 254, 1768. (f)

Whetten, R. L.; Alvarez, M. M.; Ans, S. J.; Schriver, K. E.; Beck, R. D.; Diederich, F. N.;

Rubin, Y.; Etd, R.; Foote, C. S.; Darmanyan, A. P.; Arbogast, J. W. Mat. Res. Soc. Symp.

Proc. 1991, 206, 639. (f) For a recent review on fullerenes, see: McLafferty, F. W. (Ed)

Acc. Chem. Res. 1992,25, 97.

(2) Koch, A. S.; Khemani, K. C.; Wudl, F. J. Org. Chem. 1991, 56, 4543.



5

(3) (a) Chatterjee, K.; Parker, D. H.; Wurz, P.; Lykke, K. R.; Gruen, D. M.; Stock, L.

M. J. Org. Chem. 1992, 57, 3253. (b) Khemani, K. C.; Prato, M.; Wudl, F. J. Org. Chem.

1992, 57, 3254.

(4) Vassallo, A. M.; Palmisano, A. J.; Pang, L. S. K.; Wilson, M. A. J. Chem. Soc.,

Chem. Comm. 1992, 60.

(5) Meier, M. S.; Selegue, J. P. J. Org. Chem. 1992, 57, 1924.

(6) Jinno, K.; Yamamoto, K.; Ueda, T.; Nagashima, H.; Itoh, K. J. Chromatogr.

1992, 594, 105.

(7) Alkaline decolorizing carbon Norit® -A was purchased from Fisher

Scientific Company.

(8) Flash chromatography grade Silica Gel 60 (230-400 mesh ASTM, 0.040-0.063

particle size) was purchased from EM Science. For the use of silica gel as a co-

stationary phase with activated carbon for the separation of PCBs, see: Sericano, J. L.;

EI-Husseini, A. M.; Wade, T. L. Chemosphere 1991, 23, 915. We thank Professor T.

Bidleman for providing us with this reference.

(9) A.C.S. grade toluene was purchased from EM Science.

(10) The design of a typical flash chromatography column can be found in:

Still, W. C.; Kahn, M.; Mitra, A. J. Org. Chem. 1978, 43, 2923.

(11) CAUTION: Though we experienced no rupture of the glass under 7.5 - 10 psi

pressures, we recommend utilization of this procedure behind a protective

transparent shield to prevent injury if a rupture should occur.

(12) We recently developed an apparatus made from common laboratory

glassware for the formation of gram quantities (in an 8 h period) of extractable

fullerenes from carbon arc soot. The details on the construction of the apparatus will

be published shortly.

(13) The stopcock at the bottom of the column can be closed and the pressure

slowly released so that more toluene, as needed, can be added. See ref 10.



6

(14) The parameters used for the 1 3 C NMR analysis were optimized to readily

show both C60 and C7 0 . A spectrum of the initial crude mixture using the same

scanning parameters showed the C60 resonance at 8 143.29 (100) ppm and the C7 0

resonances at 8 150.73 (4), 148.18 (II), 147.48 (5), 145.44 (9), and 130.94 (3) ppm. The

numbers in parentheses are the relative peak heights.

(15) The mass spectrum was recorded up to 1200 amu. The crude material

showed C60 at 720 amu and C70 at 840 amu in a peak height ratio of 10 : 0.8.

(16) HPLC was done using an Alltech Econosphere silica gel column (250 mm x
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